An immunohistochemical (IHC) assay was developed for the detection of eastern equine encephalomyelitis (EEE) virus antigen in formalin-fixed, paraffin-embedded tissues. All cases of EEE diagnosed at the Michigan State University Animal Health Diagnostic Laboratory from 1991 through 1994 were evaluated. The diagnosis was based on histopathologic examination of the brain and confirmatory virus isolation. Sections of cerebrum from 26 equids and 5 birds were assessed by IHC. Histologically normal brain tissues from 2 horses and 1 pheasant and brain tissues from 2 cases of equine neurologic disease with diagnoses other than EEE served as negative controls. The IHC assay was based on standard streptavidin-biotin technology, using a commercially available kit and a monospecific polyclonal primary antibody preparation derived from murine ascitic fluid. Nineteen of 20 equids and all 5 birds positive by histopathology and virus isolation were positive for EEE virus antigen by IHC. Three equids with histologic lesions compatible with a diagnosis of EEE but negative by virus isolation also were negative for virus antigen by IHC. In 3 other equids, histopathology and IHC were positive for EEE, but virus isolation was not attempted because of contamination of the brain specimen. The IHC assay of formalin-fixed, paraffin-embedded brain tissues for EEE virus antigen is a rapid, effective test for confirming a histopathologic diagnosis of EEE, and assay results correlate well with virus isolation results.
agnosis of EEE in suspect animals presented to state diagnostic laboratories is critical to the success of these programs. Diagnosis of the disease generally is based on clinical history, identification of characteristic histopathologic changes in the brains of infected animals, and virus isolation. 9, 10 Serologic testing also may be useful, but interpretation of hemagglutination inhibition (HI) and virus neutralization (VN) antibody titers from a single serum sample is often difficult and may be confounded by vaccination. 9 Confirmation of a histopathologic diagnosis of EEE by virus isolation is reliable, but many diagnostic laboratories are not equipped for such a procedure or are unwilling to accept the health risk to personnel. These laboratories generally refer virus isolation to NVSL. Whether virus isolation is done in-house or by NVSL, results may not be available for 1-4 weeks. The Animal Health Diagnostic Laboratory at Michigan State University (MSU AHDL) has recently developed an immunohistochemical (IHC) assay for detection of EEE virus antigen in formalin-fixed, paraffin-embedded tissues. This technique allows for rapid confirmation of a histopathologic diagnosis of EEE and may be especially useful in cases where fresh brain tissue is not available or not suitable for virus isolation. Herein, we discuss the methodology of the assay and the results of testing 26 equine and 5 avian cases of EEE.
Materials and methods
Case selection. Between 1991 and 1994, 26 equine cases (22 horses, 3 ponies, 1 mule) and 5 avian cases (4 pheasant, 1 chukar partridge) of EEE were diagnosed at the MSU AHDL by correlation of the clinical history with characteristic histopathologic changes in the brain. Additionally, all 26 equids were negative for rabies by fluorescent antibody testing at the Michigan Department of Public Health. Brain tissues from the 31 animals were submitted to NVSL for confirmatory virus isolation and were tested for EEE virus antigen by IHC.
The equids diagnosed as having signs compatible with EEE were submitted to MSU AHDL between July 22 and September 30; these dates correspond with peak activity of Coquillettidia perturbans, the mosquito vector most commonly associated with EEE virus transmission in Michigan. 8 Affected equids demonstrated rapidly progressive neurologic disease for < 3 days. Among 21 equids with detailed clinical histories, 17 died or were euthanized after illnesses of <24 hr. Clinical signs included dullness, lethargy, depression, anorexia, seizures, apparent blindness, nystagmus, circling, and ataxia. Histopathologic examination of the brains revealed multifocal to diffuse, acute to subacute necrotizing encephalitis ( Fig. 1 ). Both the cerebrum and brain stem were affected. The inflammatory cell infiltrate consisted of a mixture of neutrophils, lymphocytes, macrophages, and plasma cells. In 7 of the 26 equids, neutrophils were the predominant cell type, and in 19 equids, mononuclear inflammatory cells were more numerous. Inflammatory cells were scattered loosely throughout the gray and white matter or were arranged in perivascular cuffs. Various numbers of necrotic neurons were present in all tissues. Additional brain lesions identified in some equids included multifocal hemorrhage, vasculitis, and meningitis.
Birds with signs clinically and histopathologically compatible with a diagnosis of EEE were submitted to MSU AHDL between August 12 and September 26. Case histories indicated high flock mortality. Dying birds showed no premonitory signs of illness or succumbed after 1-2 days of lethargy and weakness. Diagnosis of EEE was strongly suspected in brains with multifocal to diffuse, nonsuppurative necrotizing encephalitis and vasculitis. The cerebrum and brain stem were affected. The inflammatory cell infiltrate in the 5 birds was mostly mononuclear and mostly perivascular in distribution. There was multifocal neuronal and vascular necrosis.
Immunohistochemistry. An IHC assay, based on streptavidin-biotin binding technology, was performed on the 26 equine and 5 avian suspect cases of EEE. The primary antibody was a monospecific polyclonal preparation derived from murine ascitic fluid. a This antibody was the same one used in an enzyme-linked immunosorbent assay (ELISA) developed for detection of EEE virus antigen in fresh equine brain tissue. 10 The serum blocking solution, the biotinylated secondary antibody, the enzyme conjugate, and the substratechromagen mixture for the IHC assay were supplied in a commercially available kit. b
Unstained 5-µm sections of formalin-fixed, paraffin-embedded cerebral tissue were cut for all 31 cases. Tissues were in formalin for 24-72 hr prior to paraffin embedment. For negative controls, comparable sections of cerebrum were cut from 2 equids in which the brain was histologically normal, from 1 normal pheasant brain, and from 2 equids with neu-rologic disease diagnoses other than EEE (protozoal myeloencephalitis, cervical vertebral malformation-malarticulation).
Slides were precoated with 0.1% poly-L-lysine in water and allowed to air dry prior to collection of the tissue. Tissue sections were deparaffinized by immersion in xylene and then were rehydrated in a graded series of ethanol solutions. Endogenous peroxidase activity was quenched by immersing the slides in methanol with 2.5% hydrogen peroxide for 10 min at room temperature. Slides then were rinsed in 0.01 M phosphate buffered saline (PBS), pH 7.2. Tissues then were incubated in a prewarmed protease XIV solution (25 mg/ d1) 6 for 8 min at 37 C. Following rinsing in PBS, the tissues were incubated in 10% nonimmune goat serum (serum blocking solution) for 10 min in a 37 C moist chamber. Excess serum was drained from the tissues, and the tissues were incubated with a 1:50 dilution of the primary antibody for 45 min in a 37 C moist chamber. A slide incubated with nonimmune murine serum rather than the primary antibody was processed for each case, and these slides served as reagent controls. The slides again were rinsed in PBS and then incubated with biotinylated anti-mouse IgG (secondary antibody) for 10 min at room temperature. After rinsing in PBS, the streptavidin-horseradish peroxidase conjugate (enzyme conjugate) was incubated with the tissue sections for 10 min at room temperature. Following another PBS rinse, the tissues were incubated with 3-amino-9-ethylcarbazole with hydrogen peroxide (the substrate-chromagen mixture) for 8 min at room temperature. The slides then were rinsed in distilled water, and the tissues were counterstained with hematoxylin for 2-3 min.
The slides were examined via light microscopy and scored individually as positive or negative in a blinded manner by 2 certified pathologists. The IHC results were then correlated with EEE virus isolation results and histopathologic diagnosis.
Results
Virus isolation. For the 26 equids and 5 birds, results of EEE virus isolation from brain tissues by NVSL are presented in Table 1 . These results were available between 7 and 27 days after tissues were received by the NVSL and between 13 and 35 days after submission of case material to the MSU AHDL Health Diagnostic Laboratory. Twenty of the 26 equine cases diagnosed histopathologically as EEE were positive by virus isolation. Virus isolation was negative in 3 of the other 6 cases, and in the remaining 3 cases virus isolation was not attempted because the brain specimen was deemed too heavily contaminated with bacteria. EEE virus was isolated from brain tissue in all 5 avian cases which were EEE suspicious based on histopathologic examination.
Immunohistochemistry. Results of IHC staining for EEE virus antigen in the 31 equine and avian cases are presented in Table 1 . Virus antigen was detected in both equine and avian tissues. Positive staining was indicated by the presence of red granules in the cyto- plasm of neurons (Figs. 2, 3) . In most tissues, small numbers of glial cells and macrophages and occasional neutrophils showed positive staining. Virus antigen distribution generally was patchy throughout the cerebrum, with positive foci containing 5-20 cells with red intracytoplasmic granules.
Nineteen of the 20 equine cases which were diagnosed by histopathology as EEE and confirmed by positive virus isolation stained positively for EEE virus antigen by IHC. The 3 equine cases negative by virus isolation also were negative by IHC. The tissues from the 3 equine cases deemed too contaminated for meaningful virus isolation stained positively for EEE virus antigen. IHC and virus isolation results were positive for all 5 birds.
There was no positive staining in the brain sections from the 5 negative control cases (Fig. 4) . In all 31 EEE cases, brain tissue incubated with nonimmune murine serum rather than the primary antibody also showed no staining for virus antigen.
Discussion
Diagnosis of EEE in equids was based on the presence of typical clinical signs and histologic brain lesions 4, 6, 11 Affected animals demonstrated rapidly progressive neurologic disease with acute to subacute encephalitis. The presence of a diffuse neutrophilic infiltrate in the brain, with neuronal necrosis and multifocal vasculitis, makes a histopathologic diagnosis of EEE highly likely in horses with compatible clinical histories. 4 Nonsuppurative encephalitis and vasculitis were noted in birds. These lesions suggest viral encephalitis but are less specific for EEE than the lesions in equids; differential diagnosis in birds should include avian influenza and Newcastle disease. 14 Confirmation of a histopathologic diagnosis of EEE may be more important in birds than in horses.
Virus isolation by NVSL confirmed the histopathologic diagnosis of EEE in most of the equids and in all 5 birds. Results of the virus isolation procedure, however, were not available until at least 13 days after submission to the MSU AHDL. Time for mailing of tissues to NVSL accounted for part of the delay in the reporting of results, but it was at least 7 days before EEE virus could be isolated and identified in cell cultures. and 1 pheasant with diagnoses other than EEE. Therefore, the IHC assay appeared to have 100% specificity, similar to the results of an ELISA developed for detection of EEE virus antigen in fresh equine brain tissue. 10 The polyclonal antibody used in that study for virus antigen capture was the same as the one used in the IHC assay described here. The IHC assay for EEE virus antigen in formalin-In the 3 equids with a histopathologic diagnosis of fixed, paraffin-embedded brain tissues was a more rap-EEE but from which EEE virus was not isolated, tissues id means of confirming a histopathologic diagnosis of were negative for EEE virus antigen by IHC. One pos-EEE. The assay can be run in 1 day, and results on the sible explanation for these results is that the correct 31 cases reported here correlated well with virus iso-diagnosis was not EEE, despite histopathologic findlation results. EEE virus antigen was detected by IHC ings. No infectious agents other than rabies virus were in 19 of the 20 equids and all 5 birds from which EEE ruled out by microbiologic tests. Another possibility virus was isolated, for a sensitivity of 96%. Virus an-is that the level of EEE virus infection in the brains of tigen also was not detected in brain tissue from 4 equids these 3 horses at the time of death was insufficient for detection by virus isolation or IHC. In all 3 horses, the inflammatory cell infiltrate in the brain was predominantly mononuclear rather than neutrophilic, suggesting that encephalitis was of relatively long duration; perhaps inflammatory and immune responses had effectively diminished virus or virus antigen titers to undetectible levels.
Two other rapid tests for confirmation of a diagnosis of EEE in fatal cases have been described: a recently developed ELISA 10 and an indirect fluorescent antibody (IFA) technique. 5 In the ELISA studies, no falsepositive or false-negative results were obtained for equine tissues (in comparison to virus isolation results), and cross-reactivity with other viruses (including related alphaviruses such as western equine encephalomyelitis virus) was not observed when mosquito pools or avian tissues were examined. 10 Results of IFA testing of equine brain tissues also correlated well with those of virus isolation. 5 With both the ELISA and the IFA test, however, the potential human health risk of handling virus-infected tissues exists.
A third rapid diagnostic assay for EEE virus was recently developed. A coupled reverse transcription/ polymerase chain reaction assay was designed to detect viral RNA. 13 This assay has successfully identified EEE viral RNA in mosquito pools and avian tissues but has not yet been used for confirmatory diagnosis in equids.
In humans and animals that have not died of encephalitis, serologic tests also may be used to diagnose EEE virus infection. HI and VN are standard serologic assays used for diagnosis of EEE in suspect animals and humans. 2, 7, 9 However, interpretation of results on a single serum sample is often difficult without a supporting clinical history or if an animal has been vaccinated. 9 Detection of IgM antibodies to EEE virus may help to distinguish recent infection from previous vaccination 9 but many animals die of the disease within 24 hours of the onset of clinical signs and blood samples are not even taken.
IHC detection of EEE virus antigen in formalinfixed, paraffin-embedded tissues provides a rapid and safe means of confirmation of a histopathologic diagnosis of EEE. Results correlate well with virus isolation results but are available sooner. The assay described in this paper successfully detected virus antigen in both equine and avian brain tissues. Additionally, IHC can be used to confirm a histopathologic diagnosis of EEE in cases in which brain tissue is deemed unsuitable for virus isolation.
